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(71) 3anBMTBnb: 

(72) MaoSpcrrarronb; EopiUOQ A.n., 
JI.H. . GbTWDBd rJI.. IQ;>yn«HMOHKgB 

CM. , KaTaKOB M.C., rpHUIKOB B.M„ PaXMSHMH 

K>.A., MMXBMnoda P.M. 

(73) naTOHTooe/Taflerafih^ 



(54) nOJlOBOJlOKOHHWft MEM5PAHHblC^ AnHAPAT 

(67) Pa<t)BpaT: 

l4cnQnb30BaHMB: npoi^eocu MsnomoaneMytfi 
nonoBonoKDHHUX pawnvrrenbHbW annaparoB 
Ann pasAeD^^fl jkm/vwx cMeoett MeToooM 
Haxo^iMnhTpauHH. fiOflDncvvoTioBiw (yujirviOHMa 
Bontdt) e npoMbiuineHHocrM m nonyMeHM^ 
svonofMwacicM mhotoR nHTbeaoH BQflbi B GtJTy, 
Cyii4H0CTb MdoOpereHHA: c noMolUbto ooMerraHkiit 
naparuienbHofl OCM annapara yicna/VM 

nOflOBOnOKOHHbOC MewOpaH B MdlVi^P^HHOM 



oe^eKblfl nap(tx}paLiMM B oooBoCt rpySite 

AM6tne30HOM B 600 - 900 MM^ M yMBHblUeHHeM 

MeacBortOKOHHoro {oBoeoflHoro) o^baiia b 
MeMfipaHHOM atneMdHTa BanmMKoR MdMee 10% 
co^naior B annapaTfl GraronpMArHi^ 
rvtAp6AHHaMMMecKMd ycnoevm paaflianoHkUt, 
npenRTcTByioa^Ma o6pa3oea»4>tio sacroCtHuc soh, 
MCfcnioMaioT nsJi^Ma ocaqNooGpasoeaHilP- 1 w\. 
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annaparoe Ha ochobo nc^noeopoicoHMbw 

MQM6paH, B MBGTHOCTM K pa3^qd!/ieHl4»0 ^KHAK^X 
>4M3KOfl CT6naHv4 OMMCTKM MCMAK0CT6t1 (npOOKfle 

Bcero oojiw) ct pacreopanHbix conefi. n^f^ 
oCpaTHbii* OCMOC, ncwBOTW nonyMaxh 
OKonorvmacKM nojiHoi^aHMyto nKTbesyio ao^ <Se3 
/^ononHviTanhHoro KOHAHUMCHVipoBaHMSi. 
oGaoneMMaaft Ma^K/^HapoAHbie crahviapTU BOS 
(BoeMHpHaA opraHH^auMn OAPaaooxpaHOHviA) 
Kax no BapxMMM, rax u npexcAa scam no hvurmmu 
npe^naM KOHi^dHTpai^Mn coinBA a nvirbaBon 

MeM^paHHoro pe3;)«naHHn )KApjim cMeceA 
MarpApM HaHoct)HJibTpaL\MM HapRAy c 
oncnnyiTTBHMOHHbfMM xapeiaepi^CTviNaMti 
Mc^onbsyeMbOc MaM6paH. Taioix KaK 

CQndKTMBMOCTb RO pasnplMHbiM COHflU M 

VAanbHafl npoMaBomiTajibHOcrb. cyiMacreeHHyio 
ponb virpaer TaKWd looHdWRUHfl uaMepaHHoro 
annaparra. Hpii co^hmm MeM6paHHhix 
annapaTOs ocHoeHbie yciViMA HanpaaneHbi ua 

pasMeu^eHMa MaKCMMonbHofl c^MnbTpyiOaieA 
noBepxHocrM b oGbBMe annapara h cosfiaHMe a 
Hou ^naronpvviTHboc rTupQAMHAMM^jecKHx 
ycnQBktPI pa^A^neHMji, yMSHbLuaicxiiKX 

OepOfTTHOOTb B0aHMKH06eHI«U1 aaCTOnHbK 30H M 

npaoDTapaiuaioiMbtx QbinaAeHMfl ocaAica na 
noBepxHocTM MdM6paHbi. 

HanGojibUjyK) (fm/ibTpyiou^yio noBopXHocrb a 
o^bOMB annapara oGeonaMHBaeT 

HcncfihaoaawMa MauGpaM a <tWpMa nonoro 
BonoKHa. Pfi3AetnMTenbHbia arnapafTfai psia 
4)M;ibTpaHMM MkWMX CMeceH MaTiqaaMn 
o6paTHort3 ocMoca mtm HBHotfrnnbTpaL^MM 
npeAGTaB/ifltOT co6on L^HnMH^vmcKMR Kopnyc. 
B KOTOphiM nouau^BH MSMfipaHHufl aneueHr c 
nonbiM aonoKHOM. yrowoHHbUfl hq ooaayio 
nsp^^opMpoaaiHHyto rp^icy m Topi^ua 6noiai 
CO CTopoHbf Bbfcoqa (j^wibTpara m HOHueHrpara. 
Pa^aniieMafl iKMAWocTfe npA A^anaHKeM 
nqoMTCfl viapaa oceeyio ipyGicy a loopnyc 
annapara. npoHvuouMA Mepes gtohrh nonoro 
BonoRHa 4)MJibTpaT BbiBcv^MTcsi MS annapaxa no 
xaHanaM nonoro sonoKHa. KOHqu Koroporo 
eicneoMbi a TOpi^ODOt^ CinoK, a ROH^aHTpar, 
npoiUV) M&tw BonoKHaMM. BbtBoaMtcn c 
Apyroro noHi^a annapara. B aasi^CMMOcrH or 
Tcrt}, KaK 6jffl]8T tiocrpoGH rvuQX3A>^HaMi'HdG»iff 
paoKMM paCoTu annapara m npaMt;^ aoaro 
paMCMM oMuaaHkifi nonboc bohokoh b annapara. 

BO MHOrOM SaBMOHT 9(|xt}aKniBHOCTb efo 

paGcnbi, OTcyTGTBMe oca/pcoo6paaoeaHMR Ha 
noaepxHOGTM nonbix BonoKaH, cpoK ero cnywGbi. 
OooCakMO sfTti atayanbHO Ano KaH£>t^MnfarpaL4HM, 
TdK KdK B 3TOM cnyMae pa^oieneHviK} 
noflaapraarcn ao^a, oQ^epxcau^ 
MHoroHOMnoHeHTMbie aarpHSHHiafiH, cKnoHHbia a 
npoMaoca omhctkm k ocaAKOo6pa30BaHHK). 

MsBecreH annapar, y loroporD ^nn 
npBAPTapau^dHMfl ocaAKOo6pa30BaHV4P a 
MSM^poHHuA aneMeHT o nonbiM aonoxHOM 
noMeu;a)OT t^HnHHAPMMecKMa BcrasKM us 
HanpoHMLvaeMaro Ann paaAan^ieuofl )KviaKQcn< 
uarapMana. looropbie cnooo6cTByioT 
oOpaaoeaHMW /laeMpHHTHoro icaHana (aar. ca. 

CCCP N 1498531. icn. B 01 D 63/02, 1989). HpH 
aroM nooa^ uicxQOHOt^ }KMAf0OGTh 
ocyufacranfleTCfl ^epea nap^opa^t^w a oceaott 
TpyGKB, pscriQnoNCBHHoA no bc^ f\^viHB rpyfixM. 

npM TBxaih UDKCTpyKUHM annapara y finoica 
BbiBona (tiMnbrpara oOpaayarcn aaoroftHafl 
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30Ha. ffie He to/ibKO Ho yweHbiuaaTCfl, ho m 
ycmiMQaBTcn nan^Me oc8CVtoo5pa3oeariM;». 
KpoMo roro, HanviHkia i^viHAp^acd<vix eoraaoK 
D MeM0paH>KM anaMOHre. pasMei^BHHbcc 
HanocpoACTBSHHO a MeM^paHHOM anaMdHra, 
yMOMbLijaoT KonvmactBO nonux eonoKOH q h^u yi 
cne^qoBaronbHo nnot4aAb c^MJibrpai^Hrt 
MaM^paHh4oro aneMQKTB. 

HaM6onae GnMsicuM K MSoCperaHHlo 
RBnAarcn pa3«anMranbHbit^ annapar. KoropbtA 
cocTOMT H3 MeM6paMHorD anaMdHia c nyMKOM 

nonhiX BOnOKOH, ynO)KBHHbtM Ha 

nep^^opHpoeaHHyio oceayKt rpySicy, KorropbiSl 
noMaL4aH b i^HnH^npifMacKMn Kopnyc, mo 
napcfiopai^viii auncHHaHa hb no acaCt AnnHd, a c 
OAHoro Kpafl Tpy6KH m nysox no/iboc bchokoh 
cHaGxeH HenpoHviqaeMbiM /yin pa^Aon^vaMoA 
cpeAM KOMcyxoM, oncpbiaaKHi^MM nyMOK nanb4M 

BOnOKOH 00 OTOpOHbl. PpOTt^BOnonOJKHblfl 

napfliopHpo&aHHOMy »^io rpyGKvi. Taitaa 
ROHCTpyKqvip no3Bonf)aT HaOedKarb o6pa30BaHMjt 
93croii|HQi4 soHbi y CnoKa ebiBooa <t>MnbTpar&. 

QoHaito HaflooraTKOM AawHoil KOHcrpyicuMH 
nanflerofl ro, hto nonbie aonoofa a 
MaMOpaHHou anaMaHra paononowoHbt pqa 
ymoM R ocm annapara. hto aosmoikho ronbito 
npM RpeoTOoGpasHoA HdMoTKe nonbOc aonoKOH a 
MauQIpqHHOM anauaHTa. B stom cnyMaa a uacra 
nepexnacra nonoeonoKOHHbix MeM^paH 
HeM36a)KH0 oSpasyxn'oa noKanbHbfe sacionHfaie 
30Nbi H yaanHMMBaarcfl aaponrHocrb 
ocanKooCpasoaaHkifl. KpoMO roro. mocto 
nepexneora HCKmoMaerofl ms npoMoooa 
43MrbTpauMM. HTO^ yueHbiiiaar paanbHyio 
(tiMTbrpywiMyio noeepxMocrb aniapara. K lOMy 
m npM raKOM cnoeo6e yKnaoKM nonbDC aononoH 
a MOMCpaHHOM anaMaNTO yaaji»4H»iBaercfl 

MaXBOnOKOHHUA O&bdM (oSlieM B MBM6paHHOM 

aneMeHTe hb aanonHBHHbiR nonbiM aonoKHOM), 
MTO yxyA^Jaar 9ctx|)eicrHBHocTh OMb<aaHt45i 
nonboc eonoNOH. nod^roMy eo aropoM aap^aHre 
KQHCTpyK^M^ annapara npemycMorpeHo 
pasMeiMaHMe a MeM6paHHou anaMenre 
npoHMuaaMboc ATfl paaaanPOMoi;! cpaAu ecraeoit 
c i4anbio ynyMiueHvisi pacnpeoaneNMfl nortxca 
pa^naeMofl cwBCt4 m ynyMLueHHfl 
9(t)4)eKrMBHocrM OHbiaaHMSi. OflKaKo aro, icaR 
ynaabiBanocfa ahima, yMeHbUiaar HonHMocrao 
nonba aonotooH a M9M6paHHOM onaMeHra m 
nnoutaob c|»uibrpeutiM. KpoMO roro, aro 
ycnoNwifeT h yAoponcaar aro umorpyia^iito. 

TexHumdcxon aaAaMofl viaoGperBHHn 
nannaicn ynymiiaHKa \v^ppQp^H^uyiHBC^/ox^i 
ycnoBMfl ps^ioanaHMfl, MoaiioMaioiMMX 
BOSHkWHoeeHHe Kax 3aoroSfh40j) soHbi y GnoKB 
4>MnbTpaTa, rax h noicanbHhix npM ynpou^auMM 
KDHcrpyKL^vi pa^AanMranbHoro annapara. 

3ro ADCTuraaroR raM, Mro yKnaA^V 
nonoBonoNOHHba MeM6paH a MeM6paHHOM 
aneweme npoacv^n' napan/ianhMo ocvi 
annapara <ooaeoi» rpyikti): npM ^tom 
orpaHmaHHoe oyMMapHoa Knaoe ca^awia 
oraapcTMH Ma ooaaoH rpyexa (nep^opaMMfl), 
pacflonoiKaHHbfX a luaxMarHOM nopMAiia, 
eeriHMHMit 600-900 mm^; nnoTHOcrb ynsKOBioi 
napannenbHO yjToiiceHHux nonux aonoKOH a 
MBMCpaHHOM anaMam-B AoaeoaHa AO BanHWetHU 
caoQoAHoro (momoopokohhoto) oGbdrra 
MdM6paH>4oro aiieM6Hra ao BermviHbi MOMee 
10% 

nocneAHea oGcroflr&nbCTBo flocTitfaeTCfl 
Mcno/ibaoaaHMeM nonoaofioicoHHboc 
HaKoc|}Mnbrpai4i4aHHhix MBMGpaH ms aLiarara 
i^anniano3bi c KspyxHUM m BHyrpoHKHM 
AMawarpoM 280-320 mkm m 80-1 20 Hm 
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0,001 MKM H .c<ineiA^)oi4vuc ceneifTHBHocTbfO npii 
flaaneriMM 1-1,5 MRa no 0,2%-MOMy pacrsopy 
cyjihtlMTa MarwMH 6o;^eo 60% no 15%-HOMy 
pacTBopy xnopM^a mstpmr b npd/wiax 25-60% 
M npoHMuaeMcxTTbK) no aToMy pacraopy Conw ^ 

Ha Heprexce npoflcraanwa KOHorpyKunH 
npeonaraaMorD annapara. 

Anfiapar cqa^P^t Kopnyc 1. MeM6paHHb4ft 
aneMBHT, cooTQflmnR M3 KWKyxa 4 ms 
HdiipOMMuaoworo MarepHana, nojiux bodokdh 5. 
ynoNceHHbix napanre/ib^o h9 oceaoH TpyOKe, 
oceeo(l Tpy6KM 6, 6noKa BbiBOAa KOHi^eHTpaTa 7, 
enoioa BUBOAa cpHnbTpaTia 6. Kponiae toto, 9 
neptpopai^vip ocdsoft Tpy6KM. 10 
pacnpe^BneHMe noTOKOfi BHyrpM ueM^paHHoro 
annapara, 2 KphouKa a oraepCTMAMM AHA 
Bbnco^a ctuuibTpara m KDNi^aHrpara, 

MftMCpaHHuA annapar paGOTder 
cnd^iou^viM oCpaaoM. 

(npaHMyu^BcrBBHHD sarpRSHOHHOH dooa) nOA 
flaBnoHweM 1-1.5 MHa noaaaTCfl b oceayio 
rpyeiy 6 h ^epes OTsepOTWi. pacnoJioxaHHtJo g 
luaxMarHOM nop^iAKB (rrepCxTpaifiif)) y GnoiCd 

BblBO^ q^MnbTpQTa 6 C ^MMapHbtM )Kl>IBblM 

csMaMMdM 600-dOO MM% nona^r a 
MaM6pawjhifl aneMBHT. Dphmbm, AHartdSOM 

BBJWMMH JKMBDrO COMeHHIl OrBBpCTlin COnp^MCDH 
C yABUbHCR npOMSBQAHTeJIbHDCrblO 

auOTaruon/iKinoaHboc nonhoc BonoKOH (Ganea 6 
n/M^ - ^) M noaeoniMT q g/v^ cropoHu 

nOAA&pXHBaTb act^MKTMBHyiO- CKOpOCTb 

0MUBaHM5i noPboc BonoitOH a c /vvr^ 
npaAOTBpaTMTb mx noBpaxwaHMe. 
xKAKQCTb, oMhiBan nanbid BonotCHa, ynoaKBHHbia 
napannanbHO ocm annapara. abkikbtch ranKe 
napann&ribHO nonbiAi eonoicHaM a HonpaBnoHMM 
or GJiova BbiaQoa ^t^rpara 6 k GnoMy BbiBOAa 
MOHMBHTpara 7. To, mtq OMbiBafoiuoA M^tAKOCTb 
ABM>KBTCj) B MeM6paHH0M A/ieMeHre 
napannenbKo notnbiM sonotCHaM, Koropue k Touy 
XB HB n6paxneoTb(BaioTCil M&Koy oo6ofl 
oeameMHsaBT HaM6on8e sctxpeKmsHbiH cMwe 
3arp;iaHMrenen, a Gne^oearenhHo, AHMTejibHyio 
M CTa6wnbMyw mx paebry. Kpoua Tora, acnH 
BeJiVf4|ifHa Me>KBonoicoMHQfQ {oBceop^ro) 
o&beMa MeMGpaNNoro TneMOHTa rie npaawujaftr 
10% nonbie ecsnoKHa cqmm Ha^Hator 
acf4»KTMBHo pecnpepjsnsnb noroim m nodTOMy 
H60&(O^MOCTb BeOAeHMff B MBMSpaHHUfl 
anaMBHT npoHMnaftUhnc hhm HenpOHMuaoMbix 
BcraeoK A^n ynyMiueHMfl pacnpeiAe/ieHblA 
noTOKOB ornaAseT, 3to ynpou;asT KOHcrpyKUMro 
annapara m ysenHMHeaer ripH npMHX paBHba 
ycnoBviRx ero <}»i;ibTpy»0LMy)o noaepXHOCTU Hoa 

B03A9flCTBM8M ff^BJiaHVltt 601188 50% OGbCMa 

(npeuMyiMBCTDeHHo 7$%), oMitmancb, npamt^am 
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^»pa3 crreHiQi nonoBonoKOHHOi) MeM6paHU m no 
aa KaHanaM buboai^ch nepea 6no)c Bbiaq^ 
4>wnbTpaTa B M3 annapara, a Apyran nacrb, 
cocTaan;»}oinafl MeHoe 50% oO^aMa 
(npaMMyiMacT80HHo 26% ). C sarpfl3WHTe/WwM 
Mopea 3a3op mqi;k/^ itopnyooM m ^hokdm BbtBOAQ 
KOHUoHrpara xatOKO ouDozmrcfi fu annapaTe c 
flpyroW CTopoHbi. 

TaKMM o6pa3DM, ncnonbsoaaHMB 
MaM6paHHono annapara nooeonwr o6dcno*-uiTb 
aa CH8T ynyHUJBHHoro rKflpoAMHaMMMecKoro 
P9?KHMa pasA/ajiBHHfl. MCKmafaKju^ero 
BOSHMKHOBeHMe daCTO<lHbO( 30H, yea/iMMMTb 
pocypo paOortJ annapara npM ynpou^BHMM sro 
KOHCTpyi(MMM. Oco6eHHO npoA^KMrMrGJibHo ero 
ticnonbsoaaHMe Ann paaoe/ieHMA jkviakmk 
CMaoalt MaTQAOM HaHOftMnbrpaqKM 
(npaMMyufaGTBSHHO Bp^), Gq^BpjicaiAMX 
MHoroHOMnoHahnHbte aarpmHwianH, cKnoHHbia a 
npoi49ooe MaM6paHHoro pa3AetneHMP t 

OC^K0O6E)a30BeHH10 . 

4>opMyxia Mao6p9TeHMn; 
nonoBonoHOHHUfl MOMGpaHHbiA annapar. 
BKniOMaKxuMfl uMJuiKOpMHecKrifl kopnyc c 

KpUUiKaMM, B QAHOA MS MOrophlX BbinonHBHU 

OTBepcmn ATifl Bxooa paaAanflOMoi^ MUKOcru h 
BbiB^a NDHUBHrparra. a b APyroi) orBspcriin Ann 
aweoAa ^Mnbrpana, a icopnyce paauau^aH 
Meh^paHHbii^ atneMeHt, ooctorium^ ooesoff 
napctxipkipoBaHHoA c oAHoro Kpan rpyCKvi, AByx 
TopMBBbK 6noKOB. yoTaHOBneHNboc Ha ooeaoH 
TpyCxe, M nonboc bdj»koh. KOHi^hi Koropboc 
A^anaHfai b Topi;aBhia Ghokm, npMM8M GnoK oo 
cropOHU BbOCQAa 4)UAbTpBTa rapMaTWHO 
yoraHoaneM a KOpnyoe, o Apyrotx oo cropoHm 
&bO<QAa KOMi^HTpara. mmmt aaaop c Bopnycow 
annapara, a nyMOK rtOHbOC BOmieOH CHa6McaH H6 
npOHMUaeMblM AH^ pa3A9^9aM0fl TKMAKOQTM 

iQOMyxoM, OTKpbiaaioiHi^M ero go cropoHbi. 
npoTvfBononoMMoA ndp0opi4poaaHHOMy Kpaio 
ocaaofl rpyGm, ornmatoiMMi^cfl tom, mto b 
KBHecTBa nonux BonaKOH, ynoMCBHHUx 
napaiiAanbHO ocii annapara. oh ooaopnoit 
aiiBTaru&nrKifiosHbie nonue Bonofma oo 
cp^HM pasMepoM nop Gonee 0,001 mkm, 
HapyNCHbiM H BHyrpauHMM anaMarpoM 
ooorBBTCTBeHHo 260 ^20 M 00 120 mkm, 
o6naAaiou4Me oa/ieicniDHocTbio npH AaaneNHM 1 
1,6 Mna no 0;2%-HOMy pacTTBOpy cynb4«Ta 
Mami4fi Oonae 60% no 0,15%-HOMy pacreopy 
xnopvuva HarpMsi b npeAsnax 25 60% h 
npoHHMaauocTbio no aroMy pacreopy 6ojiee 6 
A/M^ i H, a napc^pauMA s ooesoH tpvGkb. 
BbinanHeHHaf? a BMAO OTBepCTMn. 
pacnonoMCBHHbDc b luaxMantOM nopfwca, iiuBBr 
cyMMapHoa miboq ceMSHne b npenonax W 900 
mm' n oObdM MemonoiooHHoro (caoOoAHono) 
npocrpa>CTBa a MeMOpaHHOM aneMeHre He 
npaBbiLuaer 10% 
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(57) Abstract: 

FIELD: chemical engineering, SUBSTANCE: 
favourable hydrodynamic conditions of 
separation preventing fron^ fcmiation of dead 
zone are created in apparatus as a rBsuIt of 
oomblnatkNi of parallel axle of placenDent 
apparatus of holloW'fit>er membranes in 
membranous member, as a result of limiting 
total open area of perforation in axiai pipe 
by range of 600-900 mm^ and of decreasing 



"Tom Ltd" Company 

USSR Inventor's Certificate No. 
1722212, CL B 01 D 63/02, 1992, 

interfiber (free) volume in membranous 
mennber by the value less tfian A0%. The 
apparatus is tor separating liquid 

mbctur^ according 
nanofittnation. water 
softening) in industiy. 
quality of obtaining 
drinkable water in 
sedimentation. 1 dwg 



to metJiod of 
treatment (water 
EFFECT: enhanced 
ecologically pure 
honnes, excbjded 
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The invention relates to the separation of liquid mixtures with the help of membrane 
devices based on hollow fiber membranes, in particular to the separation of liquid mixtures ky 
naoofiltration. 

The method of nanoflltration, due to the lower degree of removal of dissolved salts fimn 
liquids (primarily water) than is the case with reverse osmosis, makes it possible to obtain 
ecologically complete drinking water without additional conditioning, while satisfying the 
international standards of WHO (World Health Qrgamzation), both with respect to upper and 
primarily lower limits of salt concentrations in drinking water. For the development of an 
effective process of membrane separation of liquid mixtures by nanofiltration, the design of flie 
membrane apparatus plays a role, along with the operating characteristics of the membranes that 
are used, for instance their selectivity for various salts and specific throughput. In the 
development of membrane devices primary efforts are being aimed at providing maximum 
filtration surface within the ^aratus and creating favorably hydiodynamic separation 
conditions in it that reduce the probability of dead zones developing and that prevent the 
formation of a sediment on the surface of the membrane, 

Tlie use of membranes in form of hollow fibers provides the greatest filtration surface 
within the apparatus. Separation devices for filtration of liquid mixtures by reverse osmosis or by 
nanofiltration consist of a cylindrical housing in which a membrane element that has hollow fiber 
laid on an axial perforated tube and cylinder-end units at the outlet of the filtrate and the 
concentrate. The liquid being separated is fed under pressure through the axial tube into the 
housing of the device, The filtrate penetrating through the walls of the hollow fiber is removed 
torn the device throu^ the channels of the hollow fiber, the ends of which are glued into the 
cjdinder-end unit, while the concentrate, which passes between the fibers, is removed from the 
other end of the device, The efficiency of the operation of the device, the absence of 
sedimentation on the surface of &e hollow fibers and the useful life of the device are largely 
dependent on hydrodynamic operating conditions of the device, first of all the regime of liquid 
passing over the hollow fibers in it This is especially important for nanofiltration, since in this 
case water containing multi-component contaminants that tend to form sediments in the 
treatment process is being subjected to separation. 

There is a known device in which, to prevent sedimaitation, cylindrical inserts of a 
material that is impermeable to the liquid bdng separated are placed in the membrane element 
with hollow fibers and these inserts contribirte to the formation of a labyrinthine channel (USSR 
Inventor's Certificate No. 1498531, CI. B 01 D 63/02, 1989). In this case the starting liquid is fed 
through perforations in an axial tube that is situated along the entire length of the tube. 

In this design a dead zone forms at the filtrate outlet unit, and here the phenomenon of 
sedimentation is not only decreased, but even increased. In addition, the presence of the 
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cylindrical inserts in the membrane element, which are situated directly in the membrane 
element, decrease the number of hollow fibers in it and consequently the area of filtration ofSs 
membrane element. 

Closest to the invention is a separation device that cotisists of a membrane element idht 
bundle of hollow fibers laid on a perforated axial tube, which is situated in a cylindrical hoiaaig; 
where the perforations are made not along the entire length, rather only on one edge of the tobc; 
and the bundle of hollow fibers is provided with a casing that is impermeable for the medium 
being separated and that covers the bundle of hollow fibers on the side opposite to the perfoated 
edge of the tube. This design makes it possible to avoid the formation of a dead zone at the 
filtrate outlet unit 

However, a shortcoming of this design is that the hollow fibers in the membrane element 
are arranged at an angle to the axis of the device, which is possible only if there is cross winding 
of the hollow fibers in the membrane element. In this case local dead zones inevitably form at die 
point of overlapping of the hollow fibers and there is an increase of the probability of sedimoil 
formation. Moreover, the overlap points are eliminated from the filtration process, which redoces 
the real filtration surface of the device. Moreover, with this method of laying the hollow fibrin 
the membrane element there is an increase of the space between fibers (the space in die 
membrane element not filled with hollow fiber), which reduces the efficiency of flow over the 
hollow fibers, Therefore, in a second variation of the design of the device the placement, in the 
membrane element, of inserts that are permeable for the medium being separated in the is 
provided with the goal of improving the distribution of the flow of the mixture being separated 
and improving the efficiency of flow over it However, as was pointed out above, this reduces 
the number of hollow fibers in the membrane element and the filtmtion area. In addition, this 
complicates and increases the cost of its construction. 

The technical task of the invention is an improvement of the hydrodynamic conditions of 
separation so as to exclude the development both of a dead zone at the filtrate unit, and of local 
dead zones while simplifying the design of the separation device. 

This is achieved by the fact that the hollow fiber membranes in the membrane element 
are laid parallel to the axis of the device (of the axial tube); the total live cross section of the 
holes on the axial tube perforation), which are arranged in checkerboard fashion, is limited to 
600-900 mm^; the packing density of the parallel hollow fibers in the membrane element is such 
that the fiee (interfiber) space of the membrane element is a value of less than 10%. 

The latter is achieved by using hollow fiber nanofiltration membranes of cellulose acetate 
with outer diameter of 280-320 /im and inner diameter of 90-120 |tm, av^age pore sizes larger 
than 0.001 fan and selectivity, at a pressure of 1-1.5 MPa, of more than 80% for a 0.2% 
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magnesium sulfate solution and in the range of 25-60% for a 15% sodium chloride solution, md 
that have permeability for this solution of mor^ than 6 L/(m^-h). 

The drawing shows the design of the proposed device. 

The device consists of housing 1, membrane elements consisting of jacket 4 of 
impermeable material, hollow fibers 5, which are laid parallel on the axial tube> axial tube 6,flie 
concentrate outlet unit 7, filtrate outlet unit 8. Ih addition, the perforations 9 of the axial tub^flie 
distribution of flows within the membrane ^paratus 10, and the cover with holes for outlet of 
filtrate and concentrate 2. 

Hie membrane device operates in the following way. 

The initial liquid to be separated (primarily contaminated water) is fed at a pressure of 
1-1.5 MPa into axial tube 6 and through the poles arranged in checkerboard fashion (perforatito) 
at the filtrate outlet unit 8, which has a total live section of 600-900 mm^, and then goes to the 
membrane element. The range of live cross section of the holes is connected with the specific 
throughput of the cellulose acetate hollow fibers (more than 6 L/m^-h) and on the one hand 
makes it possible to maintain an effective rate of flow over the hollow fibers, and on the other 
hand makes it possible to prevent damage to &em. Then the liquid, upon flowing over the hollow 
fibers laid parallel to the axis of the device also moves parallel to the hollow fibers in the 
direction ftom the filtrate unit 8 to the filtrate concentrate unit 7, The fact that the flowing liquid 
moves in the membrane element parallel to the hollow fibers, which moreover do not overly 
each other, provides for the highly effective removal of contaminants and, therefore, lengthy and 
stable operation. In addition^ if the interfiber (free) volume of the membrane element docs not 
exceed 10%, the hollow fibers themselves begin to distribute the flows efficiently and therefore 
the need to introduce permeable or impermeable inserts into the membrane el^ent to improve 
the flow distribution disappears. This simplifies the design of the ^yparatus and^ all other 
conditions equal, increases its filtration surface. Under the effect of pressure more than 50% of 
the vohune of the starting flowing liquid (preferably 75%), being treated, passes through the 
walls of the hollow fiber membrane and is withdrawn through its channels firom the apparatus 
media filtrate outlet unit 8, while the other part, which makes it less than 50% of volume 
(preferably 25%), is also discharged fiom the apparatus from the other end through the gap 
b^een the housing and the concentrate outlet unit along with the contaminants. 

Thus, the use of the membrane device will make it possible to provide separation that 
excludes the development of dead zones due to the unproved hydrodynamic conditions, to 
increase the operating life of the device while simplifying its design. Its use to sq>arate liquid 
mixtures by nanofiltration (primarily water) that contain multi-components contaminates that 
tend to form sedimentation in the process of membrane separation is especially preferred. 
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Claim : 

A hollow fiber membrane device that consists of a cylindrical housing with covers, in one 
of which there are holes made for inlet of a l^uid that is to be separated and outlet of a 
concwitrate, while in the other there are holes made for outlet of filtrate, a membrane element 
consisting of an axial tube perforated at one end, to axial end units mounted on the axial tube, 
and hollow fibers, the ends of which are affixed in the end units is situated in the housing, and 
ttie unit is mounted leaktight in the housing in the filtrate outlet end* while the other end on die 
concentrate outlet end has a gap with the housing of the device, and the bundle of hollow fibers 
is provided with a jacket that is not permeable for the liquid being separated and that sunounds it 
on the side opposite to the perforated edge of the axial tube, which is distinguished by the 6ct 
that, it contains as hollow fibers laid parallel to the axis of the device, cellulose acetate hollow 
fibers with average pore size greater than 0.001 fim, outside diameter of 280-320 fim and inside 
diameter of 90-120 fim, which have selectivity at a pressure of 1-1.5 MPa of more than 80% for 
a 0-2% magnesiimi sulfate solution and in the range of 25-30% for a 0. 1 5% sodium chloride 
solution, and have permeability for.this solution of more than 6 L/m^ h, and the perforation in the 
axial tube, which is made in the form of holes situated in a checkerboard pattern, has a total live 
cross section in the range of 600-900 mm^ and the volume of interfiber (free) space in the 
membrane element does not exceed 10%. 




Key; 1 Filtrate 

2 Concentration 

3 Starting liquid 
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